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Materials and Methods
Colony sampling. Cores from six living hemispherical Diploastrea heliopora colonies were sampled from ~5 km off the coast of Saudi Arabia (22°01 N, 38°52E) between 13m and 17m depth using hydraulic and air powered drills on SCUBA. Core 88- T721-B (1993-2007) was cored in August 2008 , cores 29-T721-LC (1930 -2008 and 29-T721-37 (1930-2008) were cored in February 2009 and cores 89-T721-LC1 , 89-T721-LC2 (1958 89-T721-LC2 ( -2008 , and 89-T721-LC3 were cored in August 2009.
CT Scanning. All cores were scanned intact Diploastrea heliopora cores were imaged using a Siemens Volume Zoom Helical Computerized Tomography (CT) Scanner at the Woods Hole Oceanographic Institution. Scans were conducted at 350mAs and 120kV with a spiral acquisition protocol using a 0.5mm width collimator, 0.5mm slice thickness and a 0.5mm table pitch. The corals were scanned along a transaxial (shorter cross-section) plane and reconstructed using an ultra-high bone algorithm (u90u) at 0.1 mm increments. 3-D reconstructions from Dicom files and virtual image manipulation, including rotation and slicing, were completed using Visage Imaging Inc. software. We used ImageJ software to quantify greyscale variability in 2.5mm-thick virtual slices cut from the 3-D images. Data were collected along two, 3mm wide (15 pixels) transects along parallel corallite walls. The annual linear extension rate was calculated as the distance (mm) between successive annual high-density bands. Three random sections of hydroxyapatite standards (Computerized Imaging Reference Systems Inc., Virginia USA) of known density (25, 50, 75, 100, 200 , 500, 800, 1000 and 1250 mg cm -3 ) were scanned along with the coral cores to develop a linear relationship between CT scan grey scale and skeletal density. Duplicate 3mm wide (15 pixels) transects of the standards were used to measure the range of grayscale values of each hydroxyapatite standard.
Coral growth and summer SST calibration. Monthly SST data was obtained for the 2° latitude by longitude grid box centered on this central Red Sea site, 22°N, 38°5E, from the NOAA ERSST v.3b dataset. Historical mean summer (JAS) SST was calculated over the time period represented by the coral cores by averaging the monthly SST data for July, August and September for each year. Ten-year filtered summer (JAS) SST anomalies were regressed against similarly filtered Diploastrea heliopora annual growth anomalies for the period of 1925-2008. Anomalies were calculated relative to 1925-2008 means. A second-order Butterworth low-pass filter with a cutoff frequency equivalent to 10 years was used to generate filtered data. This cutoff frequency was chosen on the basis of the coherence between the annual coral extension anomaly and instrumental SST anomalies (see Supplementary Fig. S1 ). The effective number of samples in filtered data (N effective ) was estimated following the method of Emery and Thompson (1998) .
Degree Heating Weeks (DHWs) product. The NOAA Coral Reef Watch DHWs product accumulates weekly SSTs that are ~1°C above the maximum monthly mean SST (MMM-SST) of the climatologically hottest month of the year (21), which is August in the central Red Sea. MMM-SST was calculated from the weekly IGOSS-nmc Reyn_SmithOI v.2 dataset (23) for this site according to NOAA's methods (21) as the average August SST from 1982-1990 plus 1993 (1991 and 1992 were excluded by NOAA due aerosol contamination from the Mt. Pinatubo eruption) and was 30.75°C. To increase the resolution of temperature estimates, weekly SST data from 1982-2008 was obtained for the 1° latitude by longitude grid box centered on this central Red Sea site, 22°N, 38°5E, from the IGOSSnmc Reyn_SmithOI v.2 dataset (23). NOAA coral bleaching hotspot anomalies were first calculated by subtracting weekly SSTs from the MMM-SST. Summer DHWs were then calculated, by summing the hotspot anomalies (°C-weeks) that are at least 1°C above the MMM-SST(21). Here, we calculated the local site specific total DHWs for every summer (July-September) from 1981-2008.
Carbonate chemistry. Aragonite saturation state values were calculated from salinity, temperature, alkalinity, and total dissolved inorganic carbon using a spreadsheet version of the CO2sys program of Lewis and Wallace (1998) , with the dissociation constants recalculated by Dickson and Millero (1987) and the aragonite solubility of Mucci (1983) .
Climate model analysis.
In support of the Fourth Assessment Report of the Intergovernmental Panel on Climate Change (IPCC AR4, IPCC 2007), a number of international modeling groups ran over 20 models which simulate the complex interactions among the ocean, atmosphere, and land. All output are available in NetCDF format via the PCMDI/WCRP CMIP3 Multi-Model Database (ftp-esg.ucllnl.org). These global coupled general circulation models (GCMs) vary in detail and realism; we only considered the models that resolve the Red Sea. For the Saudi Red Sea, we averaged model SST between 20-24N within the Red Sea. Results presented are means over all 17 of these selected models for two emissions scenarios developed by the IPCC/Special Report on Emissions Scenarios (SRES). The A1B scenario is considered to be a "middle of the road" scenario, characterized by very rapid economic growth, low population growth, and rapid introduction of new and more efficient technology. In terms of atmospheric CO2 emissions, A2 is similar to A1 through 2050, but the A2 prescribes over 800 ppmv by 2100 compared to only 700 ppmv CO2 in the A1B scenario. To remove individual model biases in mean SST and to present trends in terms of relative change, we removed from each model its own 2000-2008 mean SST.
Supporting text
There are few data with which to evaluate changes in the saturation state of surface waters in the Red Sea over the last 30 years. We compared data from the top 30 m of the water column from December 1977 (GEOSECS station 407, Weiss et al., 1983 ) and September 1982 (Merou II station 155, Papaud and Poisson, 1986 with results from an October 2008 hydrographic station in the central Red Sea (SOM). The data are too sparse to allow an estimate of Red Sea saturation state through time, but taken at face value, they suggest that the Ω (arag) values of surface waters in the central Red Sea in 2008 (4.39 +/-0.03) are as high as or higher than they were 30 years ago (4.26 +/-0.005 and 4.43 +/-0.05). The slight decrease in saturation state predicted to result from the ~11 ppmv increase in atmospheric pCO 2 over this period has apparently been more than offset by the increase in Red Sea SST over that same period, which both lowered the solubility of CO 2 (g) in seawater, and also lowered the solubility of solid CaCO 3 . The fact that Red Sea surface water Ω (arag) appears not to have decreased over the last 30 years, and the fact that the drop in coral calcification occurs as an abrupt shift in 1998 (consistent with the observed spike in Red Sea SST at that time, and in contrast to the continuous increase in atmospheric pCO 2 ), both suggest that rising SST, and not increasing atmospheric pCO2, is the principal cause of the observed decline in calcification rate. Figure   Fig . S1: Coherence and phase between summer SST (Jul., Aug., Sept.) and coral growth. A multi-taper spectral analysis method with 8 windows was used to calculate coherence (top panel) and phase (bottom panel) between summer SST anomalies (NOAA ERSST v.3b) and the average annual coral growth anomaly for six Diploastrea heliopora colonies from the Red Sea. Dashed line (top panel) indicates 95% coherence confidence level (19), which was used to determine the low-pass filter cutoff frequency of 10 years.
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